INTRODUCTION
7 palaeocurrent data (Harris and Pitcher 1975; Harris et al. 1978; Plant et al. 1984; Anderton 144
1985). 145
The Buchan Block in northeast Scotland forms a broad horseshoe-shaped outcrop pattern 146 of Dalradian rocks that are generally right way up (Fig. 1) . It is bounded to the west and south by 147 major shear zones and exhibits some profound differences compared with the rest of the 148 Grampian Terrane (Stephenson et al., 2013b ; Fig. 1a ). These differences include the presence of 149 large layered mafic-ultramafic intrusions (the North-east Grampian Basic Suite), numerous 150 peraluminous granite bodies and metasedimentary migmatites from which the granites may have 151 been derived (Johnson et al. 2003) , and the widespread development of low-pressure (andalusite 152 to sillimanite) Buchan-type regional metamorphism (Read 1952 University. Zircons were analysed using a single spot placed in the core of grains, the precise 192 location of which was chosen to avoid thin overgrowths and/or inclusions based on the CLwere spot ablated for 30 s at a 7 Hz repetition rate using a 33 μm beam and laser energy of 1. contamination resulting from inclusions and compositional zoning were monitored and only the 207 relevant part of the signal was integrated. The trace element results for NIST 612 (secondary 208 standard) using NIST 610 as the reference material indicate that the accuracy was better than 2% 209 for most elements. Only analyses with negligible common Pb were considered when placing age 210
constraints. 211
The primary reference material used for U-Pb dating in this study was GJ-1 (601.7 ± 1.4 212 Pb 216 age determined for 91500 across all runs was 1062 ± 8 Ma (2σ, n = 24, MSWD = 1.8), consistent 217 with the recommended values. The time-resolved mass spectra were reduced using theuncertainty (2) of the concordia curve to be concordant. In cases where the true location of the 221 mean data point can be assumed to fall on the concordia curve, it is possible to calculate a 222 'concordia age' (Ludwig, 1998) This approach typically yields a more precise mean age than by using either ratio alone, and also 224
provides an objective and quantitative measure of concordance. The full data set is provided in 225
Supplementary data Tables S1 (U-Pb) and S2 (trace elements). In the oldest sample (BB6) from the Argyll Group, 64 (73%) of 88 grains 262 analysed were concordant (i.e. overlap the concordia curve within the 2 limit of uncertainty). In 263 two of the three Southern Highland Group samples, the majority of analysed grains ages were 264 concordant (in BB1 75% of 100 grains; in BB3 of 62% of 98 grains). However, for sample BB5, 265 of 91 grains analysed only 32 (35%) were concordant (Fig. 3) . 266
Of the concordant data from the Argyll Group sample (BB6), the vast majority lie within 267 a more-or-less continuous spread of ages from the youngest grain at 585 ± 20 Ma to c. 2000 Ma 268 (Fig. 3a) . Four grains have Neoarchaean ages between c. 2500 and 2700 Ma, and a single grain 269 has an age (3231 ± 36 Ma) close to the Neoarchaean-Mesoarchaean transition. Kernel density 270
estimates for the data from sample BB6 indicate a prominent late Mesoproterozoic age peak at (Fig. 4a) . 273
Of the concordant data from sample BB1, most have ages between c. 900 and 2000 Ma, 274
with the remaining data scattered to older ages, the oldest of which are around 3000 Ma (Fig.  275   3b) . Compared to BB6, kernel density estimates again show a dominant late Mesoproterozoic 276 peak but a more pronounced Palaeoproterozoic peak at 1700-1800 Ma. The oldest data yields a 277 much smaller broad peak of Archaean ages between 2500 and 3000 Ma (Fig. 4a) . 278
Of the relatively few concordant data from sample BB5, there is a clear cluster of ages 279 between 1700 and 2000 Ma and a smear of Neoarchaean ages; a few zircon cores have ages that 280 are both younger and older (Fig. 3c) . The youngest concordant age is 948 ± 30 Ma, and the 281 oldest is 3008 ± 16 Ma. Kernel density estimates for sample BB5 yield two clear age peaks at 282 around 1850 Ma and 2700 Ma (Fig. 4c) . Much of the discordant data appears to define two broad 283 trends, one extending from the concordant Archaean data towards younger ages, and another 284 from the Palaeoproterozoic data towards younger ages. These trends are consistent with partial 285 resetting of detrital zircon during Caledonian (sensu lato) tectonothermal events. 286
Similar to sample BB5, the concordant data from the youngest sample (BB3) show a 287 tight cluster of ages at 1800-2000 Ma and a smear of older ages from around 2400 Ma to 3000 288 Ma (Fig. 3d) . A single grain with an Eoarchaean age of 3654 ± 18 Ma is the oldest from all 289 samples analysed. Most notably, there are no concordant data younger than Mesoproterozoic in 290 this sample, with the youngest grain having an age of 1786 ± 30 Ma. Kernel density estimates 291 for sample BB3 again yield two clear age peaks, one at 1800-1900 Ma and a dominant Archaean 292 peak at 2700-2800 Ma (Fig. 4d) . In all samples there is a scarcity of concordant ages between c. 293 2000 and 2400 Ma (Fig. 3 & 4) . (Fig. 5a ). Most grains, particularly those with low overall REE abundances, 304 exhibit a negative Eu anomaly (Fig. 5a) . In a plot of age vs Eu/Eu Table S1 ]. This is achieved by means of a 356
Kolmogorov-Smirnov (K-S) test, which is widely used to test the null hypothesis that two 357 distributions come from the same population. To further visualise the results of this statistical 358 test we apply multi-dimensional scaling of the D value in the K-S test, as discussed in 359
Vermeesch (2013) and Spencer and Kirkland (2016) . This approach creates a two-dimensional 360 map of points that summarises the differences in the age population structure (Fig. 6) . In this 361 procedure samples that are similar plot together, while those that are dissimilar are widely 362 spaced, while the distance from the centre reflects the increasing incorporation of a detrital 363 component that may characterize a specific population grouping. It is important to note that the 364 orientation of the axes in Fig. 6 
is arbitrary. 365
The results show that the detrital age spectra from the two oldest samples (BB6 and BB1) 366 are statistically indistinguishable (at the 95% confidence level), as are those from the two 367 youngest samples (BB5 and BB3) (Fig. 6 ). In addition, the age data from each of the Buchan 368
Block samples is indistinguishable from several other Dalradian rocks, including some from the 369 older Grampian Group near the base of the Dalradian Supergroup (Fig. 6) . Considering all data, 370 two broad trends are evident (grey arrows on Fig. 6 ) that are subparallel to the lines joining 371 similar Buchan Block samples. Based on the age spectra for these samples, the vector joining 372 BB6 and BB1 represents an increase in Palaeoproterozoic relative to late Mesoarchaean detritus, 373 and the vector from BB5 to BB3 an increase in Archaean detritus. However, such simplefrom similar source rocks to those exposed elsewhere in the Grampian Terrane, including rocks 377 in Ireland and Shetland. These similarities strengthen the argument that the Buchan Block is 378
autochthonous. 379 380

Age of the Buchan Block samples 381 382
The youngest concordant analysis is from the core of a grain within sample BB6, which yields a 
Discordant age data 396 397
In order to better understand the most likely timing of radiogenic-Pb loss we model the 398 discordant age data from sample BB5 using a variety of times of assumed Pb loss with the 399 resultant population compared to concordant data using the K-S statistic following the approach 400 discussed in Morris et al., (2015) . The approach assumes that the discordant population ismodel age. The process is repeated for every possible time of radiogenic Pb loss to produce a 405 range of upper-intercept (model) ages for the discordant population that can then be compared 406 with the concordant population. In a simple situation in which only one episode of Pb loss 407 occurred, the greatest similarity between the modelled discordant population and the concordant 408 population will be represented by a single probability peak that reflects the most likely time of 409 that Pb loss event. Where multiple episodes of Pb loss may have occurred, the resultant 410 probability distribution of model and concordant ages may not yield a single probability peak. 411
However, provided some grains were significantly influenced only by a single Pb loss event, the 412 method can yield important information. 413
The results of the stastistical modelling for sample BB5 are shown in Fig. 7 . That the 414 probability curve does not rise to single well-defined peak is interpreted to reflect the effect of at 415 maximizing the information extracted from detrital zircon datasets. 
